ABSTRACT. Since enterohemorrhagic Escherichia coli O157, Salmonella, etc., sometimes contaminate animal feces and may cause infectious diseases to humans, it is important to remove pathogenic bacteria from domestic animal waste. For the purpose, we examined the antibacterial activity of chaff vinegar. We found that the chaff vinegar inhibited the growth of pathogenic bacteria immediately in vitro but not efficiently spores and lactic acid bacteria. Further, it removes bacteria, especially Enterobacteriaceae, from animal feces and the surface of the concrete-floor in the cattle barn. Chaff vinegar is advertised as a natural chemical substance for a soil conditioner, to promote the composting and to deodorize their smell. Chaff vinegar may be useful for organic agriculture without enteric pathogenic bacteria.
Recently, the consumer public has become interested in organic cultivation techniques that avoid or limit the use of the various agricultural chemicals. Although, for the purpose, domestic animal feces are usually supplied, enterohemorrhagic Escherichia coli (EHEC) O157, Salmonella, etc., sometimes contaminate the feces and cause food-borne infectious diseases. Thus, it is important to remove rapidly, efficiently and cheaply bacterial pathogens from them to protect humans from food-born infectious diseases. Though no enteric bacteria generally exist in perfectly ripened compost, the partially matured compost is often used. In order to promote the composting, chaff vinegar is marketed as one of the agricultural cataplasms. It is also advertised as the reagent for deodorizing and for a soil conditioner by decomposition of nitrate nitrogen and oxidation of heavy metal by its powerful oxidizability. In addition, it is also effective for ridding the pests. It is made by recycling the rice chaff as agricultural wastes produced after thrashing. The manufacturing process is described briefly. The rice chaff is roasted at high temperature inside a furnace, the smoke produced is cooled, and the supernatant of this coolant is used to prepare as chaff vinegar. Chaff vinegar is pH 2.8-3.3 and contained 0.80% of organic acid. Since organic acid represented for acetic acid has been known to show antibacterial effect to pathogenic enteric bacteria by its low pH [1] [2] [3] . Then, we expected that chaff vinegar might possess disinfectant activities by mixing with the animal manure. Simultaneously, it might be useful for washing the surface of the concrete-floor in the cattle barn because of its deodorization and bacteria elimination effect. In this study, we demonstrated an added benefit of the chaff vinegar as the antibacterial activity.
Bacterial strains used in this study were 4 human-origin pathogenic strains of Salmonella Typhimurium, S. Enteritidis, EHEC O157 and enteropathogenic E. coli To examine the antibacterial activity of chaff vinegar, which was gifted from Fuso Co., Ltd. in Memuro, Hokkaido, Japan, 10 µl of each bacterial suspension was added into 1 ml of the diluted chaff vinegar. After incubating at 32°C for 20 hr, 5 µl of the mixture was spotted on TSB-agar, followed by incubating at 37°C for 20 hr, and the bacterial growth on the spot was examined. No vegetative bacteria grew in the 1,024 times diluted vinegar (Table 1) , but, when 6.0 × 10 3 SFU of B. anthracis was mixed with diluted vinegar, bacterial cells grew in dilutions greater than 64 ( Table 1) , showing that bacterial spores were more resistant to vinegar but died at the high concentration of vinegar.
To clarify the antibacterial activity of the chaff vinegar, we calculated D-value of each diluted liquid using 4.0 × 10 8 cells of S. Typhimurium at 30°C. As the results, the D-value was 22.2 min and 15.6 min in the 512 times and 128 times diluted chaff vinegar, respectively. Moreover, it was less than 8.4 min in 32 times dilution because no bacterial colonies were seen after 1 hr. In 4 times dilution, no colonies could be detected just after mixing. The results show that the antibacterial activity of the chaff vinegar worked in a short time.
The inhibition of bacterial growth in rich medium was examined because the antibacterial activities were examined in diluted vinegar containing no nutrients for growth of bacteria in the above tests. About 1.0 × 10 5 CFU of each bacterial cells was applied on TSB-agar plates. Six sterile disks of 8 mm diameter were put on the plates, and 30 µl of each chaff vinegar dilution was poured onto each disk, followed by incubating at 37°C for 20 hr to measure the inhibition zone. Small inhibition zones were formed with the 64 times dilution (Table  2) , which were consistent after additional 24 hr incubation at 37°C (data not shown).
For the practical application of the chaff vinegar, its antibacterial activity in feces was examined. One gram of fecal sample from healthy cattle and 1 ml of diluted chaff vinegar were mixed incubated at 30°C for 20 hr, and its appropriate dilutions were plated on TSB-agar plates to measure the viable numbers of total bacterial cells in the feces. DHL-agar (Eiken Co., Ltd., Japan) plates and MRS-agar (Difco/Becton Dickinson Detroit, Mic.) were also used for Enterobacteriaceae and for lactobacilli, respectively. No bacterial colonies were seen on the plates with the mixture of feces and undiluted vinegar solution. Bacterial numbers on TSB-agar decreased about 1,000 fold in the mixture with the 16 times dilution, but on DHL-agar a 100,000 fold decrease was seen in the 128 times dilution and no bacterial cells were seen in the 16 times dilutions (Table 3) . On MRS-agar plates, even in 16 times dilution, bacterial numbers were almost same with in saline (Table  3) . Data not shown, when 1.0 × 10 8 CFU of Salmonella and O157 were artificially added to 1.0 g of feces, no bacterial cells were seen on DHL-agar plates and SMC-agar plates (Eiken Co., Ltd., Japan) plates in the 128 times dilution, respectively. Moreover, we examined that 4 ml of undiluted chaff vinegar and saline were sprayed on the surface of the concrete-floor (about 20 cm square) of the cattle barn. After 10 and 60 min, a cotton swab was wiped on each part of 10 cm squares at the center of the sprayed parts and suspended in 1.0 ml of sterile saline, followed by spreading on TSB-agar and DHL-agar plates. Although 1.1 × 10 10 CFU on TSB-agar and 2.6 × 10 8 CFU on DHL-agar were detected in 1.0 ml of the suspension from the sprayed part with saline, 7.0 × 10 4 CFU and 2.8 × 10 3 bacterial cells were detected from the sprayed part with chaff vinegar after 10 min of the incubation, respectively. However, after 60 min, no bacterial colonies on DHLagar plates were detected. These results showed that chaff vinegar efficiently removed Enterobacteriaceae from animal feces, but that might be not lactic acid bacteria.
Chaff vinegar, which is made by recycling rice chaff wastes, has been being used as a natural chemical substance to improve soil suitable for organic crop production, to promote the composting and to deodorize the smell from animal wastes. We reported here the chaff vinegar had the antibacterial activity, especially to Enterobacteriaceae, as an added benefit because it removed enteric bacteria from animal feces and the surface of the concrete-floor of the animal barn. However, it did not almost remove lactic acid bacteria from feces, meaning that it might be gentle for the environment. Finally, we believe that chaff vinegar may be a good natural chemical substance for organic agriculture without enteric pathogenic bacteria. We wish to thank Prof. Ben Adler for critical suggestions on the manuscript.
